Abstract -Natural convection from a spinning sphere with temperature dependent viscosity, thermal conductivity and viscous dissipation was studied. A unique system of non-similar partial differential equations was solved using the bivariate local-linearization method (BLLM). This method use Chebyshev spectral collocation method applied in both the η and ξ directions. Similar equations in the literature are normally solved by inaccurate time-consuming finite difference methods. This work introduces a robust method for solving partial differential equations arising in heat and mass transfer. The numerical method was validated by comparison to the results previously published in the literature. The method is fully described in this article and can be used as an alternative method in solving boundary value problems. This work also presents rarely reported results of the effect of selected parameters on spin-velocity profiles g(η).
Introduction
The concept of free convection from spherical surfaces has received attention in the area of fluid flow due to its practical application. These applications include among others studies around the earth's atmosphere, cooling around spherical surfaces. These studies applied numerical solutions to ordinary and partial differential equations but did not focus on the accuracy of the numerical methods. We discuss the methods used in the literature and new method introduced in this work. These methods are finite differences; implicit and explicit, the Keller-box, the Homotopy analysis method, the local non-similarity method of Minkowycz and Sparrow [1] , Runge-Kutta method. In this work we discuss the newly developed bivariate local linearization method (BLLM) in Motsa et. al [2] . The method was extended from the quasi-linearization method (QLM) of Bellman and Kalaba [3] It is well known that analytical methods are restricted to simple cases and equations which normally do not accurately describe practical situations. We therefore make use of numerical methods. Numerical methods have been widely reported to be accurate and sometimes are comparable to analytical solutions. The methods include finite difference techniques reported by Gaffar et. al. [4] , El-Amin and Sun [5] , Ramteke and Kishore [6] , Rhahimi and Jalali [7] and Zainuddin et al. [8] . The finite difference based Kellerbox method is also reported by Blottner et al. [9] , Nayela et. al. [10] , Haquea et. al [11] , Alim et. al [12] and Narayana et. al. [13] . These methods have widely been used, they involve approximating functions and their derivatives in differential equations. These methods are accurate but need more computation time.
In numerical methods, efforts have been made to reduce computational time and achieve accurate results. More accurate hybrid methods were developed, such as the Homotopy analysis method which was reported in Makukula et. al [14] , Motsa and Sibanda [15] and Nadeem and Saleem [16] . This method is easy to implement and accurate and better than finite difference methods. The solution of ordinary differential equations arising in fluid flow were also solved using Matlab bvp4c based on Runge-Kutta method. The method is adaptive (adjusts) the numerical step size at every iteration Bogacki and Shampine [17] . The Runge-Kutta method is easy to use and more accurate than the traditional finite difference methods, Shampine [18] . The Runge-Kutta method was used by among others Ghalambaz et. al. [19] and Kameswaran et. al. [20] .
This study focuses on the application of more accurate numerical method based on spectral collocation technique to a system of partial differential equations arising in fluid flow. Fluid flow around spheres was studied by among others Kabeir et. al. [21] , Jafarpur and Yavanovich [22] and Nayela et. al. [10] , Gaffar et. al. [4] , in their work they applied finite 128-2 difference techniques such as the Keller-box method. In this work we show that the bivariate local linearization method (BLLM) can be used as an alternative method for solving boundary value problems accurately. The method is easy to implement as shown in the solution method section.
Mathematical Formulation
Consider a steady, incompressible three dimensional flow of a Newtonian fluid around a sphere. The Cartesian coordinates x,y and z are along the, u,v and w are the respective velocity components. The surface of the sphere is maintained at constant temperature s T and the ambient temperature at  T . The governing equations can be written as:
Equations (1) - (4) are subject to boundary conditions
where the subscripts s and  refer to the surface and ambient conditions. a is the radius of the sphere, r is the density of the fluid, K is permeability parameter, p C is the specific heat capacity, g is the acceleration due to gravity, We assume linear surface temperature on the sphere surface. The dynamic viscosity and thermal conductivity varies as a linear function of temperature as in Animasaun [23] .
where µ0 is the coefficient of viscosity and κ0 is the constant value of the coefficient of thermal conductivity further away from the sphere surface, A, a1, a2, b1, b2 are constants; in this study we consider a1 = a2 = 1 only, Using the following similarity transformations
128-3  00 / u m r ν0 is the constant kinematic viscosity of the fluid. we obtain the following partial differential equations are written as
and the boundary conditions are written as
where 'prime' denotes the differentiation with respect to η, ε is the spin parameter, ε1 is the temperature-dependent viscosity parameter, ε2, is the thermal conductivity parameter, Ec is the Eckert number, 
Solution Method
The resulting differential equations were solved using the bivariate local-linearization method (BLLM). The iteration scheme for solving the coupled non-linear partial differential equations system (12)- (14) ℵ [ , , ] = 0, = 1,2,3. (12) - (14) respectively. F, G and T are defined as
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where primes are the derivatives with respect to h . The quasi-linearization method which is based on the Taylor series expansion of  k about some previous approximation of the solution denoted by
, It is assumed that the difference between the current and previous solution is small. Applying the quasi-linearization on equations (12) - (14) gives
where ∇ is a vector of partial derivatives defined as
The linearized equations are written as
for k = 1,2,3 the above equations form a system of three coupled partial differential equations that can be solved iteratively for f( , ),g( , ), ( , ).
x h x h q x h The bivariate local-linearization scheme (BLLM) corresponding to (12) - (14) 
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Applying the Chebyshev spectral collocation method to system (20) - (22) we obtain the numerical solutions used in this work.
Results and Discussion
In order to understand the physics of the problem, the results are illustrated in the form of Figures 1 -6 showing the effects of various physical parameters on spin velocity profiles, velocity profiles and temperature profiles. The results are discussed in detail; we show that the method used in this work also obtains accurate results.
In this work we also present Tables 1 -3 . The tables illustrate the accuracy of the method used and displays the effect of selected parameters of the physical properties such as the skin-friction coefficient f C ( ) x and the heat-transfer coefficient Nu( ) x , where x is the time.
In this section we assume that the Prandtl number is between Pr = 0.72 at 20 o C and Pr = 1 for Newtonian fluids. All other parameters are chosen arbitrarily being careful to stay within the acceptable range of these types of fluids.
The numerical results were validated for the skin friction
coefficients for the Newtonian fluid. The results obtained by the BLLM were compared to the results obtained by Ece [24] and were found to be in excellent agreement as shown in Table 1 . Figure 1 , shows a graph of the effect of temperature-dependent viscosity parameter ε1 on the spin velocity profiles g(η). Increasing ε1 result in the increase of spin velocity profiles. Increasing ε1 reduce viscosity, therefore the velocity of flow is enhanced. Figure 2 shows the effect of the drag-force term Kp on spin velocity profiles. Increasing Kp result in the decrease in the spin velocity profiles. This is caused by the drag opposing fluid motion, which in turn reduce spinning velocity. 
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In Figure 3 , the graph shows the effect of increasing spin parameter for both suction and blowing cases on velocity profiles f'( ) h . Increasing the spin parameter reduce velocity profiles. This is because the direction of fluid flow and spin direction are perpendicular, this effect then reduce velocity in the flow regime. Figure 4 shows the effect of temperature dependent viscosity ε1 on velocity profiles f'( ) h . Increasing ε1 slightly reduce velocity profiles close to the surface and are increased further away from the surface. Increasing ε1 reduce viscosity, the velocity close to the surface is slow due to both the spinning effect and no-slip conditions at the surface. The increase in the velocity further from the surface is attributed to the effect of spinning. 
In Figure 5 shows the effect of ε1 on temperature profiles () qh , increasing ε1 has an effect of increasing temperature profiles. Increasing ε1 is interpreted as increasing the temperature of a fluid which then reduce viscosity. In Figure 6 increasing ε2 result in the increase in the temperature profiles. This effect is caused by the fact that if the heat transfer in the solid boundary is increased, this heat is then transferred through the solidliquid interface into the flow regime thereby increasing fluid temperature.
128-8 Table 2 : Effect of spin parameter ε on f''(0) and  '(0) q with increasing x . In Table 2 shows the effect of spin parameter ε on skin-friction f C ( ) x and heat-transfer Nu( ) x coefficients with increasing value of x . The skin friction coefficient increase then decreases with increasing x . This is the skin-friction distribution around the spherical surface. The heat-transfer coefficient decrease with increasing x . Similarly, the heattransfer distribution around the spherical surface is shown. Increasing the spin parameter e does not affect the skin friction coefficient for  0
x , but the distribution decreases with increasing x . This is attributed to the fact that, increasing spin dislodges fluid contact on the surface of the sphere thereby reducing the skin-friction coefficient. Increasing the spin parameter seem not to affect the heat-transfer coefficient distribution. In Table 2 shows the effect of temperature-dependent viscosity parameter ε1 on skin friction and heat transfer coefficient with increasing value of ξ. Increasing ε1 result in the increase in the skin-friction coefficient. Increasing ε1 is interpreted as lowering the viscosity, this enhances no-slip conditions. On the contrary, if ε1 is decreased, then viscosity increases reducing skin-friction at the surface.
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Increasing the ε1 decrease the heat-transfer coefficient. This is caused by the fact that when the temperature is increased in the flow regime, the heat transfer on the solid-liquid interface is reduced.
Conclusion
The study of free convection from a spinning sphere with temperature-dependent viscosity, thermal conductivity and viscous dissipation effects was conducted. The most common partial differential equations which are normally solved using time consuming finite difference methods were considered. These equations were solved by recently developed spectral method called the bivariate local linearization method. This method makes use of the Chebyshev spectral collocation technique independently in both η and ξ directions. This is done by choosing Chebyshev Gauss-Lobatto points in those directions. The method is fast and easy to implement as shown the solution method section. The method avoids time consuming discretisation process and still obtains accurate results. The results obtained were compared to those in the literature and found to be in excellent agreement. This work contributes to the introduction of robust numerical methods in the area of heat and mass transfer.
The effect of selected parameters on the spin-velocity profiles is also presented. Increasing the temperature-dependent viscosity parameter increase spin-velocity profiles. Increasing the drag-force term reduce spin-velocity profiles. These results are rarely reported in the literature. This work also opens further research in more complicated partial differential equations using the numerical method used here.
